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Use of the Inferior Epigastric 
Revascularization 
Antonio Maria Calafiore 
The inferior epigastric artery (IEA) was introduced into 
clinical practice by Puig et all in the 1980s. Many 
surgeons used this conduit, and many reports appeared 
in the early 1 9 9 0 ~ . ~ - ~  The IEA was completely harvested 
starting from its origin from the iliac artery; a cuff of 
this artery was sometimes used to perform the proximal 
anastomosis on the ascending aorta.6 From the begin- 
ning of the surgical experience, .this latter point was 
considered weak when used with the IEA.7 The early 
results were not completely satisfying because the pa- 
tency rate was lower than expected.:’-4 In fact, because 
the IEA follows the superior epigastric artery, one of the 
divisional branches of the internal thoracic artery 
(ITA), the patency rate was expected to be similar to 
that of the thoracic artery. However, a great difference 
exists between the two conduits, in terms of elastica 
intrrna membrane fenestrations and the muscular com- 
ponent o f  the media layer.8 Because different series 
reported unsatisfying early patency rates, the use of the 
IEA is now uncommon. We believe that the reason is 
mainly technical because the distal size of the IEA is 
often very small (1 to 1.2 mm). Furthermore, the 
proximal anastomosis on the aorta is often difficult 
hecause of: (a) arterial wall mismatch; (b) proximal IEA 
size not larger than 2 mm; and (c) aortic wall disease. 
The importance of avoiding aortic anastomosis can also 
he supported by theoretical considerations. The wall 
stress in the ascending aorta is, by far, higher than that 
of IEA (or of any arterial conduit used clinically) in its 
natural portion; moreover, the wave form in the ascend- 
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ing aorta, as well as the dP/dT modification, are 
different than in the native position of the graft. These 
philosophical considerations, together with the techni- 
cal pitfalls previously reported, are at the basis of the 
composite grafts strategy.”ll In  the early 199Os, we 
began our experience with IEA, modifying considerably 
the surgical technique previously proposed.’-’’ 
Surgic a1 Indications 
The IEA, like the gastroepiploic and radial arteries, is 
prevalently a muscular graft.’ Its flow adaptation is 
immediate; a low-flow situation (target vessel with a 
mild stenosis or  higher coronary resistances) causes a 
size reduction (string sign) up to complete occlusion. 
Consequently, the IEA must be grafted to vessels 
completely occluded or  severely stenosed, with low 
coronary resistances (high-flow situation) and in territo- 
ries not totally infarcted. The IEA is used to graft a 
diagonal or  a second marginal branch, or  to elongate 
another conduit (mainly for the ITA) to reach distal 
anastomotical sites, such as a posterolateral branch of the 
circumflex artery that shows low coronary resistences. 
Surgical indications are consequently reduced and 
limited to cases in which a sequential anastomosis with 
an ITA is not advisable or  technically not feasible. In 
fact, when we hegan using bilateral skeletonized tho- 
racic arteries instead of pedicled arteries, the indica- 
tions for the IEA were reduced because of the increased 
number of anastomosis per thoracic artery. 
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2 An incision is made on the right (or on the left) side of the 
patient, beginning 2 to 3 cm below the umbilicus and three 
fingers lateral to the midline, and going down to the groin. 
1 The IEA originates from the external iliac artery and, 
after giving some collateral branches (external spermatic 
artery, pubic branch artery, anastomotic branch to the 
obturator artery, or the obturatory artery itself), goes 
anteriorly and, lying on the transversalis fascia, moves 
upward obliquely toward the umbilicus. In the second half of 
its course, the artery progresses between the rectum muscle 
and its posterior sheath. When the IEA reaches the umbili- 
cus, it divides into many terminal branches that anastomose 
with the terminal branches of the superior epigastric artery. 
As clearly demonstrated here angiographically, the internal 
size becomes smaller when the first muscular branch is given 
by the IEA (arrow). 
3 The fascia is incised and the border between the 
rectum muscle and the lateral fat is exposed. The 
muscle is separated from the fat to expose the 
posterior surface. 
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4 The IEA is found in the lateral fat, 
surrounded hy its venae commitante, and 
courses upward and medially into the poste- 
rior surface of the muscle. The conduit is 
followed up to the origin of the first muscu- 
lar branch, in which the dissection is ceased 
as the internal size becomes smaller, as 
shown in Fig 1. Proximally, the conduit is 
exposed toward the groin, arriving about 2 
cm before its origin from the iliac artery; we 
stop the harvest when the conduit goes down 
because the dissection becomes more diffi- 
cult and the early origin is often atheroscle- 
rotic, as reported by Barner et al.' 
5 The IEA has many side branches that are clipped together with the satellite veins. The conduit 
is harvested as a pedicle, with the two surrounding veins and some fat around. The distal and 
proximal ends are clipped or tied, and the artery is cut without systemic heparinization. The IEA is 
flushed using saline solution to eliminate any residual blood. The conduit is positioned in a bowl 
containing saline with heparin. This technique allows a conduit with a distal size of 2 mm or more, a 
proximal size of about 3 mm, to be obtained; however, the conduit length is short (6 to 8 cm). 
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6 TO overcome this 
problem, the IEA is anas- 
tomosed to an ITA (end- 
to-side o r  end-to-end) 
hefore cannulation o r  
initiation of cardiopul- 
monary 1)ypass."" To 
achieve this goal, the rela- 
tionship between the ves- 
sels to he grafted must tie 
clear. To ohtain a gentle 
curve (Y graft with a 45" 
angle), the proximal anas- 
tomosis must  be per- 
formed 3 to 4 cni a h v e  
the expected anastomoti- 
cal site. I n  the petlicled 
thoracic artery, we use 
the fascia1 aspect; in fact, 
as the fascia is incised, 
the thoracic: artery ap- 
pears without any muscu- 
la r  remnant. The fascia is 
incised for about 2 cm 
and  the thoracic artery 
fo r  about 8 mm. The 
proximal IEA is pre- 
pared for the anastomo- 
sis (flute's beak). A pad is 
put over the heart and 
the vessels a re  positioned 
in a stable, operative 
field, as a real-hench sur- 
gery. 
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7 When the anastomosis is accomplished, intraluminal papaverine is injected into the distal lumen of the IEA (5 mL of a 
solution containing 1 mg papaverine for each mL of saline), which is then clipped. Hemostasis is carefully checked and the 
conduit is allowed to dilate until distal anastomoses. 
The suture is started with the needle A (Prolene 8/0; 6-mm needle) from the heel of the IEA and the corresponding point 
of the ITA. Five hites are passed in the sense of the arrows. (B) The vessels are joined together and the right side of the 
suture is continued up to the proximal heel of the ITA (the sense of the suture is IEA-ITA), which is passed with just one 
hite. (C) The suture is continued with the other needle, the sense being ITA-IEA. When the suture is tied, the inflow 
conduit is undamped to check hemostasis. End-to-end anastomosis is accomplished by placing both vessels on a pad, as 
previously stated. The ITA is proximally clamped. (A) The distal tip of the ITA and the proximal tip of the IEA are widely 
cut as a flute beck (8 to 10 mm). The technique is similar to the previous one. After five bites, the vessel is approached and 
the right side of the suture is accomplished (IEA-ITA), (B) up to the heel of the ITA. (C) The needle B is then used, starting 
from the heel of the IEA, to reach the previous one (ITA-TEA). 
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8 In a composite end-to-side conduit, the 
first performed anastomosis is the inflow con- 
duit one; the length of the branch can then be 
reduced, if necessary. 
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9 Distal anastomosis as it is usu- 
ally performed in our institution. 
(A) The suture is started with the A 
needle from the left point, nearest 
to the corner of the conduit to he 
grafted, and arrives to the right 
side of the conduit for four bites. 
(B) The suture is then continued 
starting from the left side of the 
conduit; the first bite is reversed (U 
bite) to allow a suture outside- 
inside in the conduit and inside- 
outside in the coronary vessel. (C) 
After passing the apex of the con- 
duit for one bite, the suture is 
started from the right side with the 
same sense as before (conduit out- 
side-inside and coronary inside- 
outside). 
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10 Diamond-shaped sequential anastomosis. (A) The suture is started from the distal corner of the conduit 
(outside-inside); the needle is then passed (inside-outside) into the coronary vessel (middle point between corners). Five 
bites are passed to reach the opposite part  of the conduit and the coronary, respectively. (B) The vessels are then 
approached and three additional bites are passed, starting with the B needle and changing the direction of the suture (U 
bite; arrow), which is always inside-outside in the coronary artery and outside-inside in the vessel. (C) Final aspect of the 
anastomosis. 
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Harvesting Technique for the Thoracic Artery as Skeletonized Vessel 
1 1 After having dissected the 
reflection of the mecliastinal 
plenra from the endothoracic fas- 
cia, the thoracic artery and both 
satellite veins are visualized. The 
fascia is iucised medially to the 
medial thoracic vein for the 
whole length of the vessel and it 
is pulled down on the pleura. 
The harvesting of the thoracic 
artery should hegin as distally as 
possible so that any eventual 
damage does not jeopardize the 
graft. A blunt dissection of the 
artery from tlie chest wall is 
performed by means of the tip of 
the cautery. The sternal and the 
anterior intercostal branches are 
ligated with small-sized hemo- 
clips that are set just after their 
origin. The two ln-anches are 
latrr  cut using ;I Dietrich mirroscissor; the distal clip is put as close as possible to the proximal one to preserve the collateral 
circulation to the sternum.’” The cautery is never used. The harvesting goes u p  to the thoracic artery bifurcation distally and to 
the first intercostal artery proximally. Care must be taken to avoid any damage at  the origin of the collateral vessels that could 
lead to the disst:ction of the thoracic artery. If the medial vein makes the proximal harvesting difficult, it can be ligated. The 
1,Ienro-l)ericardiaI space is then dissected, taking care of the phrenic nerve. This maneuver makes the course of the artery 
towards the obtuse marginal or to the posterolateral branches of the circumflex artery shorter. In addition, it allows the artery 
to dive into the pleuro-pericardial space to avoid adhesion of the artery to the chest wall. 
12 The thoracic artery, if 
skeletonized, is a very long con- 
duit and allows many distal anas- 
tomoses. 
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Role of IEA in Minimally Invasive Coronary Surgery 
13 Recently, left anterior descending (LAD) 
grafting via a left anterior small thoracotomy 
(LAST) without cardiopulmonary bypass has 
been proposed by many investigators. l 3 - I8  The 
best conduit seems to be the left internal 
thoracic artery (LITA); in some cases, how- 
ever, the conduit cannot reach a very laterally 
positioned LAD because the LITA, in the 
technique proposed by us (the so-called LAST 
operation), is not completely harvested.18 In 
these conditions, LITA elongation with the IEA 
is a satisfying surgical option, but the LAD 
must be occluded or nearly occluded; the IEA 
must have a high run-off situation, as previ- 
ously stated. The IEA is harvested, as previ- 
ously described. The LITA, as well as the IEA, 
is cut obliquely. The two vessels are sutured 
with a single 810 suture and the distal tip is 
injected with 5 mL of papaverine solution and 
then clipped. The conduit obtained is long 
enough to reach a lateral LAD. Minimally 
invasive coronary surgery (LAST operation 
[ 181). (A) Postoperative angiography of a tho- 
racic artery elongation (end-to-end anastomo- 
sis, arrow). 
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13 (Cont'd) (8) an IEA to a diagonal 
branch as a side branch of the LIMA (end-to- 
side anastomosis). 
COMMENTS 
Pharmacological Protocol 
As previously stated, every conduit we use is injected 
with 5 to 10 mL of papaverine solution (40 mg in 40 mL 
of saline). As soon as the aorta is unclamped, a 
continuous intravenous infusion of Diltiazem is started 
(5 mg per hour) up to the morning of the first postopera- 
tive day. At that moment, oral Diltiazem (60 mg three 
times a day) is started and the infusion is discontinued. 
The oral treatment with Ca+ + blockers is continued 
for 1 month, then definitively stopped. 
Results 
The IEA was used in 156 patients, starting from 
October 1991 until February 1996; in seven patients, 
both IEAs were used. T a l k  1 shows the number of IEAs 
used each year and Table 2 exhibits the different 
arrangements of the graft in patients who underwent 
either a conventional operation via a median ster- 
notomy or  the LAST operation. 
In-hospital mortality was low (1.7%) and it was never 
related to the graft. The patency rate was also satisfac- 
tory. Our experience, reported in 1995,"' showed an 
early patency rate (</- 12 months; mean 3.3 months) of 
95.7% and a late patency rate (>12 months; mean 25.2 
months) of 100%, for a cumulative patency rate of 
95.7%, more than 2 years after the operation. 
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14 l a t e  angiography (26 
months) of a rompositc, conduit. 
The IEA goes from the LlTA to the 
LAD. The LITA goes to a niarginal 
hranch of the circwtnflex artery. 
TABLE 1. The Use of IEA per Year as Absolute Value and as 
Percentage of the Total Number of isolated 
Coronary Artery Surgery Cases 
Year IEA % 
1991 (last 3 mo) 
1992 
1993 
1994 
1995 
1996 (first 2 mo) 
8 
64 
29 
24 
21 
17 
23.5 
31.4 
12.9 
7.4 
4.3 
11.8 
TABLE 2. Different Arrangements of the IEA as Composite 
Conduits 
Inflow conduit 
LIMA 
RlMA 
LIMA 
LIMA 
LIMA 
LIMA 
LIMA 
RA 
Inflow conduit 
LIMA 
RlMA 
RA 
Inflow conduit 
RlMA 
LIMA 
LIMA 
Branches 
IEA 
IEA 
RlMA 
IEA IEA 
I EA 
RA IEA 
RA (Y) IEA 
I EA 
Lengthening 
IEA 
IEA 
I EA 
Lengthening Branches 
I EA RA 
LI MA(Y)I EA 
RlMA RIMA(Y)IEA 
RlMA LIMA(Y)IEA 
n 
80* 
8 
3 
3 
1 
4 
11 
2 
n 
32 t  
9 
1 
n 
1 
1 
1 
*LAST operation, 2. 
tLAST operation, 25. 
Abbreviations: LIMA, left internal mammary artery; RIMA, right internal 
mammary artery; IEA, internal epigastric artery; RA, radial artery. 
Conclusion 
Total arterial myocardial rcJvascularization is a chal- 
lenge that surgeons niust face at the end of this decade. 
Even if no long-term results exist, there is evidence that, 
in patients with diffuse coronary disease, the use of only 
arterial grafts 1)rovides better event-fr 
than the use of a LTTA on LAD and saphenous vein 
grafts on the remaining territories." We have the 
possibility to me many arterial conduits, such as the 
thorarir arteries, the right gastroepiploic artery, the 
radial artery, and the inferior epigastric artery. How- 
ever, these conduits have different characteristics and 
react differently when used as coronary grafts. " Muscu- 
lar grafts, like the IEA, have to he used carefully, 
choosing the proper territory to he grafted and avoid- 
ing, if possil)le, the ascending aorta for proximal 
anastomosis. In our experience, with these guidelines, 
the IEA patency rate was fully satisfactory and we 
expect a 9talde patency rate with time, as found hy 
Buche et al.'" We think that IEA, if carefully utilized, 
represent3 a ust.fiil tool to achieve complete arterial 
myocardial revascularization. 
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